As the population ages worldwide, the number of elderly patients with carotid stenosis is also increasing. There have been many large clinical trials comparing carotid endarterectomy (CAE) versus stenting, but the inclusion criteria (i.e., symptomatic or asymptomatic), stenting methods (i.e., protection device), and primary end point (i.e., the definition of myocardial infarction and follow-up period) were different between trials. Therefore, the interpretation of those results is difficult and requires attention. When it comes to age, the patients older than 80 years were excluded or stratified to a high risk group in previous landmark trials. However, a recent guideline recommended that endarterectomy may be associated with lower stroke risk compared with carotid artery stenting in patients older than 70 years with symptomatic carotid disease. The annual risk of stroke in individuals with asymptomatic carotid stenosis is about 1-3% but the risk is about 4-12% with symptomatic stenosis without carotid intervention. Although the outcome of CAE is better than that of carotid stenting in patients older than 70 years, the perioperative risk is higher in older patients. Therefore, it is important to classify high risk patients and consider underlying disability and life expectancy of very elderly patients before deciding whether to undergo a carotid intervention. In addition, we should also consider that the stroke rate with intensive medical treatment is unknown and is currently being investigated in randomized controlled trials. Intensive medical treatment includes high intensity statins, diabetes and blood pressure control, and aggressive antiplatelet treatment. The aim of this review is to report the factors that may be responsible for the variability in the treatment of carotid stenosis, particularly in the elderly population. This will allow the readers to integrate the current available evidence to individualize the treatment of carotid stenosis in this challenging population.
The basic treatment of carotid atherosclerosis is management of risk factors such as hypertension, dyslipidemia, diabetes, and smoking with lifestyle modification, and antiplatelet medi cations. However, current guidelines recommend carotid revas cularization procedures such as carotid endarterectomy (CEA) or carotid artery stenting (CAS) depending on the presence of symptoms and the degree of stenosis (4, 5) . Various other con ditions such as age and patient factors, features of atherosclerotic lesions, anatomical characteristics of cerebral and extracerebral vessels, and medical comorbidity should also be considered. In the past, either because of the concern of excessive risk or decreased postprocedure life expectancy, elderly patients (usually >80 years) have been excluded from randomized trials (6) (7) (8) (9) (10) . However, recent trials showed more favorable outcomes after CEA versus CAS in elderly patients, so the guideline changed the recommendation for symptomatic older patients (i.e., older than ≈70 years) to undergo CEA rather than CAS (4, (11) (12) (13) .
In western countries, there has been a remarkable increase in the population of those over 80 years. In nonwestern countries, one study predicts there is more than a 50% probability that by 2030, national female life expectancy will break the 90 year barrier in South Korea, a level that was deemed unattainable by some at the turn of the twentyfirst century (14) . Stroke is the fifth leading cause of death in the United States and is a major cause of serious disability for the elderly (15) . Extracranial carotid artery disease is responsible for up to 20% of these strokes and accounts for a higher proportion in elderly patients (16, 17) . The numbers of elderly patients with carotid stenosis will increase exponentially, and the results of medical treatment and CAS are getting better. Therefore, the selection of treatment method for carotid stenosis in elderly patients will be more complex.
In this review article, our aim is to describe the selection cri teria for the appropriate treatment methods in elderly patients and the considering factors that affect it, based on current literature.
SHORT-TeRM AND LONG-TeRM OUTCOMeS AFTeR CAROTiD RevASCULARiZATiON iN SYMPTOMATiC AND ASYMPTOMATiC PATieNTS

Treatment of Asymptomatic Carotid Stenosis
Asymptomatic carotid artery stenosis is a very important health issue, as out of the 135,701 carotid revascularizations performed in the US in 2005, 122,986 (92%) were for asymptomatic carotid artery stenosis (18) . Since the results of large clinical trials comparing CEA with drug therapy in the treatment of asymp tomatic carotid stenosis was published in 1990s, CAS, optimal medical treatment, and variations of surgical approaches to CEA have been also developed (8, 19) . In the Asymptomatic Carotid Atherosclerosis Stenosis (ACAS) and Asymptomatic Carotid Surgery (ACST) trials, the 5year risk of stroke or procedural morbidity was estimated to be 6.5% for CEA patients and 11.0% for patients treated medically among asymptomatic patients with carotid artery stenosis of greater than 60% (8, 20) . The metaanalysis of the Veterans Administration Cooperative Study (VA), ACAS, and ACST trials shows that in patients with asymptomatic carotid stenosis, despite about a 3% perioperative stroke or death rate, CEA reduces the risk of ipsilateral stroke and any stroke, by approximately 30% over 3 years (21) . In the case of asymptomatic stenosis, CEA is beneficial if the incidence of surgical complication is less than 3% in patients with stenosis of 60% or more, but some researchers claim that the complica tion rate should be lower than 3% because of improved drug treatment results. In recent studies, the annual rate of stroke in medically treated patients with an asymptomatic carotid artery stenosis has fallen to ≤1% (22, 23) .
The National Institute of Neurological disorders and Stroke sponsored Carotid Revascularization Endarterectomy versus Stenting Trial (CREST) included symptomatic patients only at baseline, but expanded inclusion criteria for asymptomatic patients (final proportion of asymptomatic patients was 47.2% of the total) (12) . In the analysis among patients with asymptomatic carotid stenosis, there was no difference in the primary outcome between CAS and CEA [5.6 versus 4.9%; hazard ratio (HR) 1.17, 95% confidence interval (CI) 0.69-1.98, p = 0.56]. All stroke cases within 30 days and the occurrence of ipsilateral stroke between 30 days and 4 years were 4.5% in CAS group and 2.7% in CEA group so there was no statistical difference (HR 1.86; 95% CI 0.95-3.66, p = 0.07). The incidence of ipsilateral stroke between 30 days and 4 years (i.e., durability of the intervention) was simi lar, with 2.0% in the CAS group and 2.4% in the CEA group. The durability was favorable in longterm followup for both groups (12) . The Asymptomatic Carotid Trial (ACT)1, which compared the outcomes of CEA versus CAS in patients with asymptomatic severe carotid artery stenosis who were at standard risk for surgi cal complications, revealed that CAS was noninferior to CEA with regard to the primary composite end point (3.8 and 3.4%, respectively; p = 0.01 for noninferiority), but this study excluded patients who were 80 years of age or older (24) .
ACST1 was a 10year followup study that investigated the longterm prognosis after the ACST trial (25) . The incidence of stroke or death within 30 days of CEA was 3.0% (95% CI 2.4-3.9) in all patients undergoing CEA. Excluding perioperative events and nonstroke mortality, stroke risks (immediate versus deferred CEA) were 4.1 versus 10.0% at 5 years (gain 5.9%, 95% CI 4.0-7.8) and 10.8 versus 16.9% at 10 years (gain 6.1%, 2.7-9.4); ratio of stroke incidence rates 0.54, 95% CI 0.43-0.68, p < 0.0001. Combining perioperative events and strokes, net risks were 6.9 versus 10.9% at 5 years (gain 4.1%, 2.0-6.2) and 13.4 versus 17.9% at 10 years (gain 4.6%, 1.2-7.9). In spite of stroke or death associated with surgery, the surgical outcome was excellent. In addition, more than half of the patients with stroke (166/287) died of or were disabled by stroke, and the proportional reduc tion in disabling or fatal stroke seemed to be similar to that for any stroke.
Treatment for Symptomatic Carotid Stenosis
In the North American Symptomatic Carotid Endarterectomy Trial (NASCET), CEA reduced the twoyear risk of ipsilateral stroke from 26% in the medical arm to 9% in the surgical group, yielding an absolute risk reduction of 17% (6) . This result was similar to other randomized clinical trials comparing CEA with medical treatment such as the European Carotid Surgery Trial (ECST) and the Veterans Affairs Cooperative Study (VACS) (7, 26) . Pooled analysis of the VACS, NASCET, and ECST found a 30day stroke and death rate of 7.1% in the CEA arm in patients with transient ischemic attack (TIA) or stroke within 6 months, and CEA was highly beneficial in those with 70-99% stenosis (27) . The role of CEA is less clear in the symptomatic patients with moderate stenosis (50-69%). In NASCET patients with a stenosis of 50-69%, the 5year rate of any ipsilateral stroke was 15.7% in CEA arm compared with 22.2% in medical arm (p = 0.045).
Comparative studies between CEA and CAS such as the Stent Protected Angioplasty of the Carotid Artery versus Endarterec tomy (SPACE), the Endarterectomy Versus Angioplasty in patients with Symptomatic Severe carotid Stenosis trial (EVA3S), and the International Carotid Stenting Study (ICSS) showed bet ter periprocedural outcomes in CEA rather than CAS, especially in older patients (11, 13, 28, 29) . Metaanalysis from these trials revealed any stroke or death occurred significantly more often in the CAS group (8.9%) than in the CEA group (5.8%) in the first 120 days after randomization [risk ratio 1.53 (95% CI 1.20-1.95), p = 0.0006] (11). Subgroup analysis from ICSS trial using MRI showed the presence of at least one new ischemic brain lesion on diffusion weighted imaging 1-3 days after treatment was more common in CAS group than CEA group (50 versus 17%; p < 0.0001) (30) .
However, because CAS was potentially favorable in the Carotid And Vertebral Artery Transluminal Angioplasty Study (CAVATAS) and the Stenting and Angioplasty with Protection in Patients at High Risk of Endarterectomy (SAPPHIRE) trials, CREST was designed to compare the efficacy of CAS with that of CEA (31, 32) . In this noninferiority trial, 2,502 symptomatic and asymptomatic patients with carotid stenosis were enrolled and randomized to CAS or CEA. There was no significant difference in the composite primary outcome [30day rate of stroke, death, and myocardial infarction (MI) and 4year ipsilateral stroke] in patients treated with CAS versus CEA (7.2 versus 6.8%; HR for stenting, 1.1; 95% CI 0.81-1.51; p = 0.51). In symptomatic patients, the 4year rate of the primary end point was 8.6% with CAS versus 8.4% with CEA (HR, 1.08; 95% CI 0.74-1.59; p = 0.69) (12, 33) . Periprocedural rates of individual components of the end points differed between the CAS group and CEA group: for death (0.7 versus 0.3%, p = 0.18), for stroke (4.1 versus 2.3%, p = 0.01), for MI (1.1 versus 2.3%, p = 0.03), and for cranial nerve palsies (0.3 versus 4.7%; p = 0.0001).
In most studies evaluating longterm outcome after CEA versus CAS, there was no difference in major vascular outcomes between the treatment methods after the periprocedural period (34) (35) (36) (37) (38) (39) . In the SPACE trial, the rate of ipsilateral ischemic strokes up to 2 years including any periprocedural strokes or deaths after procedure was similar for CEA and CAS groups (9.5 and 8.8%; HR 1.10 (0.75-1.61); log rank p = 0.62). In addi tion, the rate of ipsilateral ischemic stroke within 31 days and 2 years was not different between CAS (2.2%) and CEA (1.9%) (35) . In the 4year followup of EVA3S trial, the risk of ipsilat eral stroke was low and similar in both treatment groups after the periprocedural period (37) . In the ICSS trial, the cumulative 5year risk of fatal or disabling stroke did not differ significantly between CAS and CEA groups (6.4 versus 6.5%; HR 1.06, 95% CI 0.72-1.57) (34). Over 10 years of followup in the CREST trial, there was no significant difference in the rate of the primary end point between CAS group (11.8%) and CEA group (9.9%) (HR 1.10; 95% CI 0.83-1.44) (38) .
Overall, there have been more periprocedural vascular events in CAS compared with CEA, but there was no significant differ ence in longterm results of randomized controlled trials. It is possible that the inclusion of asymptomatic patients could have offset the risk of high periprocedural events from symptomatic patients in the trials that enrolled both symptomatic and asymp tomatic patients. In addition, we should consider the possibility that the difference in treatment effect was diminished by death from other causes in patients with higher atherosclerotic burden and comorbidity at the longterm followup. However, longterm prognosis and complications were not different in studies that followed patients for more than 2 years. Therefore, CAS seems to have the similar effect to CEA in the longterm period. We sum marized the main randomized clinical trials comparing CEA and CAS in Tables 1 and 2 . We did not include the CAVATAS study because only 25 patients (10%) actually underwent CAS among the endovascular group (n = 251) (31).
In conclusion, CEA is recommended in patients with symp tomatic carotid artery stenosis (>50%), especially in elderly patients when periprocedural complications are considered. CAS is indicated as an alternative to CEA for those who are asymp tomatic, younger, and have higher operative risk. These trials have also shown that the efficacy of CAS was influenced by the patient's age, medication, and the experience of the intervention ists, and was similar to that of CEA in longterm followup.
AGe iSSUeS FOR SeLeCTiNG A CAROTiD RevASCULARiZATiON MeTHOD
The current guidelines, based on the results of previous clinical trials, emphasize that the presence of symptoms and the degree of stenosis are most important factors that impact the treat ment of carotid stenosis (4, 5) . Some review articles stated that patients aged 80 years or more are high risk for both CEA and CAS (Table 3 ) (40, 41) . However, previous randomized clinical trials excluded patients over 80 years old, so the exact benefits and risks of CEA versus CAS in the very elderly are not well known. In subgroup analysis of NASCET and ECST, the risk of stroke and death in patients ≥75 years was higher in the medical treatment group than the CEA group and it suggested indirect favorable effects of CEA in the very elderly (42) . In elderly patients, life expectancy is shorter than that of younger patients, so concerns about operative risk and vascular outcome are critical. However, patients in the medical arm had a higher risk of recurrent stroke, so the limitation of medical treatment used at the time of the trial also exists. Recent clinical trials comparing CEA with CAS included a substantial proportion of elderly patients. The rate of periprocedural and longterm vascular events was more prevalent in CAS group rather than age, and there was no benefit seen in those over 75 years in ACST. A report from the national cardiovascular data registry related to CEA showed elderly patients > 85 years of age were at increased risk for death or perioperative complications of stroke, death, and MI after CEA compared with those who were relatively younger. Among asymptomatic elderly patients, mor tality rate was sig nificantly higher in those older than 75 years (47). However, age cannot be an absolute contraindication with increasing life expectancy, because excellent outcomes after both CEA and CAS have been demonstrated in prudently selected patients (48, 49) . Therefore, if other conditions are similar, it is likely that CEA is more recommended than CAS for symptomatic patients older than 65-70 years old and it is difficult to determine which is better for asymptomatic patients in comparison with medical treatment. Metaregression analysis investigating potential effects of publication time of each study on perioperative adverse events after CEA revealed no significant relationship. However, a significant effect of publication time on periinterventional stroke and mortality in the patients who underwent CAS was reported (44) . We need to consider comorbid medical conditions of the individual patients and wait for the results of research in progress.
RiSKS AND SPeCiFiC CONSiDeRATiONS FOR CAROTiD RevASCULARiZATiON OF veRY eLDeRLY PATieNTS
In elderly patients, it is necessary to know and confirm various situations that improve the outcomes after carotid revascu larization. We reviewed specific considerations in very elderly patients undergoing CEA or CAS. However, we do not mention anatomic or medical conditions which is well known to be more appropriate for CAS or CEA in general population. We describe the conditions associated with an increased procedural risk and contraindications for CEA and CAS in Table 3 (40, 41) .
Sex
The effect of sex on carotid revascularization has been contro versial. Previous studies such as NASCET and ECST showed a higher benefit in men than in women on perioperative stroke and death from CEA (42) . Another study suggested that women were more likely to have less favorable outcomes, including surgical mortality, neurological morbidity, and recurrent carotid stenosis after CEA (50) .
In general, surgical risk was higher in women than in men, whereas risk of CAS was virtually unaffected by sex (4, 51). There was no significant difference in treatment effects from CEA or CAS between men and women in the metaanalysis of rand omized clinical trials of symptomatic patients (11) . In CREST, the rates of the primary end point for CAS compared with CEA were similar, and there was no significant interaction between sexes (52, 53). However, periprocedural risk of events seems to be higher in women who have CAS than those who have CEA (6.8 versus 3.8%, p = 0.047) whereas there is little difference in men. A retrospective study based on a national database of carotid revascularizations in the United States found that women and men had equivalent rates of periprocedural stroke when similar periinterventional mortality risks in old and young patients (OR, 0.86; 95% CI 0.72-1.03), whereas CEA was associ ated with heightened mortality in elderly patients (OR, 1.62; 95% CI 1.47-1.77).
A pooled analysis of EVA3S, SPACE, and ICSS showed that age was the only factor which significantly altered the relative risk of stroke or death between CAS and CEA in the short term (45) . Whereas risk estimates were similar with both treat ments among patients <70 years old, a twofold increase in risk with CAS over CEA was observed in the older age group. Age also significantly modified the effect of treatment on disabling stroke or death. The exploratory analysis of relative treatment risks across six age levels was consistent with the assumption of a linear increase in risk of periprocedural stroke risk associated with CAS. In CREST, there was an interaction between age and treatment efficacy (p = 0.02) (46) . For the primary outcome, the hazard for CAS compared with CEA rose from 0.6 (95% CI 0.31-1.18) for patients aged under 65 to 1.08 (95% CI 0.65-1.78) for patients 65-74 years old to 1.63 (95% CI 0.99-2.69) for patients aged ≥75 years. The effect of age appeared primarily in the stroke risk, which increased with age more in the CAS group than in the CEA group. The age at which the HR was 1.0 was 70 years old for the primary outcomes and 65 years old for stroke.
In asymptomatic patients, the elderly (especially those over 80 years old) is a group in which the benefit of revasculariza tion is controversial because in both the ACAS and ACST, the benefit from revascularization was seen after fiveyear followup (8, 20) . ACAS did not enroll subjects greater than 80 years of undergoing CEA (1.0 versus 1.0%) and CAS (2.7 versus 2.0%) (54) . Nevertheless, symptomatic women had a significantly higher rate of periprocedural stroke than symptomatic men (3.8 versus 2.3%; p = 0.03). Among those with symptomatic stenosis, there was no difference between CAS and CEA in peri procedural events among men, but there was a nonsignificant trend toward fewer events with women who received CEA versus CAS (3.4 versus 6.2%, p = 0.1). In asymptomatic women, rates of periprocedural strokes were significantly lower after CEA than after CAS (0.9 versus 2.1%, p < 0.001) Therefore, in elderly women, CEA is recommended rather than CAS.
However, the Italian study of carotid revascularization for patients greater than 80 years old showed a 5year mortality of 49.4%, higher in males (39.5% for females and 52.5% for males) and ischemic strokerelated mortality of 20.2%, higher in females (40.0% for females and 15.6% for males) (55) . Comparing data from octogenarian residents of the same geographical terri tory, ischemic strokerelated mortality hazard was significantly higher in the study females: OR 3.2 95% CI 1.16-9.17; p = 0.029 (for males: OR 0.97, 95% CI 0.89-1.10; p = 0.99). Fiveyear Kaplan-Meier estimates of any stroke was 84.8% (78.7% sympto matic versus 90.3% asymptomatic; p = 0.003). Therefore, invasive treatment of carotid stenosis may not be warranted in patients more than 80 years of age with carotid stenosis, especially when female and asymptomatic.
Because the proportion of women is higher in older patients, various medical conditions including age and sex should be considered together in the selection of CAS and CEA. In addi tion, for elderly women with asymptomatic carotid stenosis, some researchers asserted medical treatment is recommended as a priority (5, 23, 52).
Coronary Artery Disease Risk
Because atherosclerosis is a systemic disease, coronary and carotid artery disease frequently coexist. The older the patient's age, the greater the likelihood of coronary disease. The performance of either combined or staged coronary artery bypass grafting and CEA consistently has been associated with increased likelihoods of perioperative stroke, death, and MI compared with stand alone CEA. In contrast, CAS among patients with concomitant severe coro nary disease seems relatively safe in comparison with CEA (40) .
Inclusion of MI in the primary end point was different across trials, and the results were influenced by this component (Tables 1  and 2) . The SPACE and EVA3S, which did not include MI for the composite outcome, failed to prove noninferiority of periproce dural events in CAS group compared with CEA group (28, 29) . However, SAPPHIRE, CREST, and ACT1, which included MI in the primary end point, showed higher risk of MI with CEA dur ing the periprocedural period (12, 24, 32) . Especially in CREST, the rate of MI was higher in the CEA group rather than the CAS group (2.3 versus 1.1%, HR 0.50, 95% CI 0.26-0.94, p = 0.03) (12) . In addition, both the patients with MI defined as biomarker eleva tion plus either chest pain or electrocardiography (ECG) evidence of ischemia and the patients with biomarker only (biomarker elevation with neither chest pain nor ECG abnormality) were independently associated with increased future mortality (56) .
In some studies, the risk of MI did not increase with age in either treatment group (12, 44, 46, 47, 57) . However, in other studies, postoperative MI after CEA or CAS was independently associated with older age (44, (58) (59) (60) To reduce the risk of MI after CEA or CAS, more detailed preoperative cardiovascular evaluation might be needed. Because asymptomatic coronary stenosis can influence periprocedural vascular events, intensive preoperative evaluation such as coro nary computed tomography angiography can be helpful (61) . In addition, patients in CREST undergoing CEA with regional anes thesia had a similar risk of periprocedural MI as those undergoing CAS, whereas the risk for CEA with general anesthesia was twice that compared with patients undergoing CAS (62) . Thorough perioperative management and assignment to CAS instead of CEA may minimize ischemic cardiac complications even in elderly patients (63) . In addition, the use of dual antiplatelet therapy, statins, cardioprotective pharmacotherapy with or without coro nary revascularization, or regional anesthesia could be recom mended in patients with coronary disease.
Atrial Fibrillation
The prevalence of atrial fibrillation increases with age and ranges from 0.1% among adults less than 55 years of age to 9% in those ≥80 years of age (64) . It is well known that atrial fibril lation increases the risk of stroke and is associated with poor stroke outcomes. In general practice, atrial fibrillation is a com mon comorbid condition among patients who undergo carotid revascularization. The rate of chronic atrial fibrillation in patients undergoing CEA ranges from 4 to 7% (65) (66) (67) . Because many previous randomized controlled trials have excluded patients with cardiac arrhythmias (NASCET, ACAS, SAPPHIRE, CREST), the effect of atrial fibrillation on outcomes of patients is not well understood (6, 8, 12, 32) .
Some studies revealed atrial fibrillation was associated with an increased risk of postoperative stroke in patients undergoing CEA but not in patients undergoing CAS. The relative risk of the composite outcome of postoperative stroke, cardiac compli cation, and mortality was increased in both groups with atrial fibrillation (65, 66) . However, there were no longterm outcome results from the studies of CAS or CEA. The combined use of antiplatelets and anticoagulants in patients with atrial fibrillation after CAS may increase the bleeding risk, so additional studies are needed.
Miscellaneous
The prevalence of concomitant severe stenoocclusion on the contralateral carotid artery and vertebrobasilar artery and/or aortic arch stenosis increases with age. Theoretically, patients with contralateral carotid or vertebrobasilar occlusion have an increased risk of intolerance to ipsilateral carotid clamping, distal cerebral embolization, or cerebral hyperperfusion syndrome. Aortic arch stenosis and severe angulation can induce technical failure of CAS. There have been conflicting data regarding the relationship between these concomitant atherosclerotic disease and risk of carotid revascularization (40, 68) . However, recently both carotid revascularization methods can be applied in most patients, and final selection depends on individual situation.
White matter hyperintensities reflect small vessel burden and is associated with cognitive decline. The development of white matter lesions correlates with age. In a substudy of ICSS, CAS was associated with a higher risk of stroke compared with CEA in patients with moderate to severe white matter changes [an age related white matter changes (ARWMC) score of 7 or more, HR for any stroke 2.98, 1.29-6.93; p = 0.011; HR for nondisabling stroke 6.34, 1.45-27.71; p = 0.014], but there was no difference in risk in patients with an ARWMC score of less than 7 (69) . Therefore, it is necessary to be careful when selecting CAS in patients with more extensive white matter lesions. Nevertheless, there was a study reporting patients who underwent CAS tended to achieve higher scores in some cognitive function tests (70) .
BeST MeDiCAL TReATMeNT veRSUS CAROTiD RevASCULARiZATiON
Medical treatment with antihypertensive, single or multiple antiplatelets, and lipidlowering drugs has advanced since most clinical trials have been completed comparing CEA with best medical therapy alone. Recent studies suggest that the annual rate of stroke in medically treated patients with an asymptomatic carotid artery stenosis has decreased (22, 23) .
The populationbased Oxford Vascular Study (OXVASC) assessed the risk of TIA and stroke in 1,153 patients with ≥50% carotid stenosis recruited consecutively in 2002-2009 (23) . During 301 patientyears of followup (mean of 3 years), there were 6 ischemic events in the territory of an asymptomatic ste nosis, 1 minor stroke, and 5 TIAs. The average annual rates on medical treatment were 0.34% for any ipsilateral ischemic stroke, 0% for disabling ipsilateral stroke, and 1.78% for ipsilateral TIA. A systematic review of the stroke risk in the medical treatment group of patients with severe asymptomatic carotid stenosis for the past 25 years was presented (22) . The development of phar macotherapy led to a decrease in the incidence of ipsilateral and total TIA or stroke since the mid1980s. The risk of stroke in the medical arms in the post2000 studies has been similar or lower than that of the CEA arms of major clinical trials in the 1990s.
Therefore, there is an urgent need for clinical trials comparing carotid revascularization therapy with optimal medical treatment in the patients with asymptomatic carotid stenosis. The aggressive medical treatment evaluation for asymptomatic carotid artery stenosis (AMTEC) study was the first randomized controlled trial comparing CEA and modern medical treatment (aggressive lipidlowering and antihypertensive medication, and aspirin). However, the trial was stopped after a median followup of 3.3 years because of the obvious superiority of CEA (71) . CREST 2 and SPACE2 are now ongoing, and will compare intensive medical management alone versus CEA plus intensive medical manage ment or CAS plus intensive medical management in patients who are asymptomatic (72) (73) (74) . The results of these trials and a subgroup analysis of elderly patients may be helpful to answer the questions about best management of these patients.
Regardless, it is important to maintain optimal medical treatment in patients with carotid stenosis whether or not carotid revascularization procedures are performed. However, elderly patients may be at greater risk for side effects because adverse drug reactions and drug-drug interactions are more common in older patients than the general population due to polypharmacy, agerelated changes in physiology, and/or underlying chronic disease (75) . Aggressive antihypertensive treatment in elderly is highly associated with orthostatic hypotension, falls, and demen tia (76) . Hypoglycemia can lead to worse outcomes in elderly diabetic patients, which leads to a change in the recommended glycated hemoglobin levels (7.5-9% rather than <7%) (77) . There fore, prescription of these medications needs to be carefully performed in these elderly patients.
FUTURe DiReCTiONS FOR THe PATieNTS wiTH CAROTiD STeNOSiS-THe iMPORTANCe OF PLAQUe
Carotid stenosis in the 60-99% range has been an inadequate pre dictor of future vascular events. The ACAS and ACST trials did not show stenosis degree in this range as a predictor of future events (8, 20) . Therefore, stenosis degree alone is not a reliable predictor to be used in decision making, and carotid plaque could be an important factor to improve the prediction of future stroke risk.
The disruption of atherosclerotic plaques precedes the onset of a clinical stroke syndrome. Vulnerability of carotid plaques, characterized by cap rupture, is significantly associated with the development of vascular events such as stroke (78, 79) . There were several studies that found clinical indices for iden tifying high risk carotid plaques. Multiple noninvasive imaging modalities have shown their potential to differentiate highrisk vulnerable plaques from stable plaques. Atherosclerotic plaques can be characterized based on their surface irregularity, ulcera tions, echolucency and grayscale values by ultrasound (80-82). The Asymptomatic Carotid Emboli Study (ACES) investigated 1 h transcranial Doppler recording from the ipsilateral middle cerebral artery, and the absolute annual risk of ipsilateral stroke or TIA between baseline and 2 years was 7.13% in patients with embolic signals and 3.04% in those without, and for ipsilateral stroke was 3.62% in patients with embolic signals and 0.70% in those without (83) . MRI has also been used to detect the presence of intraplaque hemorrhage as indicative of a highrisk plaque and vessel wall imaging by highresolution MRI can be helpful to dif ferentiate vulnerable from stable plaques (84, 85) .
Other studies using albuminbinding MRI and 18Ffluoride position emission tomography have also investigated detection of vulnerable plaques, and someday these efforts to differentiate strokeprone patients will be helpful for the decision of carotid treatment (86, 87) . In the future, these approaches will be used for personalized and precision medicine in the treatment of complicated elderly patients (88) .
Better understanding of risk factors for periprocedural and longterm outcome would help clinicians offer the best treatment option for carotid artery stenosis in elderly patients. Because indi vidual risks are different according to the treatment method and stroke incidence has been decreasing by advanced drug therapy and medical devices, clinicians should still be thoughtful while selecting patients for carotid revascularization therapy. Current guidelines may be changed in the future, depending on the results of ongoing trials of intensive medical management versus proce dures plus medical management.
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